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We propose novel tree level seesaw mechanism with TeV-scale vectorlike Dirac mediators that produce
Majorana masses of the known neutrinos. The gauge quantum number assignment to the Dirac mediators
allows them to belong to a weak triplet and a ﬁve-plet of non-zero hypercharge. The latter leads to new
seesaw formula mν ∼ v6/M5, so that the empirical masses mν ∼ 10−1 eV can be achieved by M ∼ TeV
new states. There is a limited range of the parameter space with M  a few 100 GeV where the tree level
contribution dominates over the respective loop contributions and the proposed mechanism is testable
at the LHC. We discuss speciﬁc signatures for Dirac type heavy leptons produced by Drell–Yan fusion at
the LHC.
© 2010 Elsevier B.V. All rights reserved.1. Introduction
The existence of neutrino masses represents the ﬁrst tangible
deviation from the original standard model (SM). In order to ac-
count for the smallness of these masses one has to modify the
particle content of the SM by adding new degrees of freedom. The
neutrino masses can be realized through an effective dimension-
ﬁve operator LLΦΦ [1] which can be generated both at the tree
and the loop level. At the tree level there are only three realiza-
tions of the dimension-ﬁve operator [2]: type I [3], type II [4] and
type III [5] seesaw mechanisms, mediated by heavy fermion sin-
glet, scalar triplet and a fermion triplet, respectively. Thereby, the
fermionic type I and III models involve Majorana seesaw media-
tors. Originally, the seesaw scale was linked to the high energy
GUT scale, while a recent reincarnation of SU(5) GUT model [6]
provides a low scale hybrid type I and III seesaw model. In a mul-
tiple seesaw approach ﬁrst put forward in [7] and later extended
in [8], the involved additional ﬁelds and additional discrete sym-
metries are instrumental in bringing the seesaw mechanism to the
TeV scale [9] accessible at the Large Hadron Collider (LHC). In this
way one avoids a new hierarchy problem of inexplicable lightness
of the Higgs that appears in conventional seesaw models.
It is conceivable that fermionic degrees of freedom beyond the
three SM generations may be realized as vectorlike Dirac states.
The heaviness of the top quark and the lightness of the Higgs bo-
son are the landmarks used in several extensions of the SM which
introduce vectorlike fermions. Recently in [10] we examined the
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doi:10.1016/j.physletb.2010.03.062parameter space for possible discovery of vectorlike top partner,
which by a sort of Dirac seesaw mechanism increases the mass of
the top [11]. Given the importance of understanding the origin of
neutrino masses, it makes sense to extend our previous study to
leptonic sector and to explore a possible role of TeV-scale vector-
like Dirac fermions as seesaw mediators.
The models with Majorana seesaw mediators, which are bound
to have zero hypercharge, can be extended from the mentioned
fermion singlets and triplets to a ﬁve-plet with zero hypercharge.
Such multiplet has been singled out as a viable minimal dark mat-
ter (DM) candidate in [14]. On the other hand, the subject of our
study here is a model with the Dirac fermions as seesaw me-
diators. This means that we have to invoke vectorlike fermionic
multiplets with non-zero hypercharge. In contrast to the chiral SM
fermions, the masses of such vectorlike fermions are not restricted
to the electroweak scale. The large mass of the new fermion multi-
plets may serve as a seesaw anchor in a novel seesaw mechanism.
In order to have a tree level seesaw, the newly introduced fermion
multiplets have to have a neutral component which mixes with
light neutrinos. New scalar multiplets also have to have a neutral
component which will acquire the vacuum expectation value (vev).
As we will show in more detail elsewhere [13], these requirements
together with the SM gauge symmetry lead to rather restricted vi-
able quantum number assignments for the new multiplets: the one
with vectorlike triplet fermions introduced in [12], and the vec-
torlike fermion ﬁve-plet at hand. This vectorlike fermion ﬁve-plet
along with two additional isospin 3/2 scalar multiplets generates
at tree level an effective dimension-nine operator (LLHH)(H†H)2.
Such effective operators have already been studied in [15].
At ﬁrst sight, the proposed seesaw mechanism which leads to
Majorana masses for light neutrinos from heavy Dirac fermions,
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lepton numbers, the generation of light neutrino Majorana masses
can be traced to lepton number violating Yukawa interactions. This
is in contrast to type I and type III seesaw mechanisms mediated
by lepton number violating Majorana masses of heavy fermions.
2. Model with extra fermionic ﬁve-plet
The model introduced here is based on the SM gauge group
SU(3)C × SU(2)L × U (1)Y . In addition to usual SM fermions we
introduce a vectorlike Dirac ﬁve-plet of leptons, where both left
ΣL = (Σ+++L ,Σ++L ,Σ+L ,Σ0L ,Σ−L ) and right ΣR = (Σ+++R ,Σ++R ,
Σ+R ,Σ0R ,Σ
−
R ) components transform as (1,5,2) under the SM
gauge group. Also, in addition to the SM Higgs doublet H =
(H+, H0) there are two isospin 3/2 scalar multiplets Φ1 =
(Φ01 ,Φ
−
1 ,Φ
−−
1 ,Φ
−−−
1 ) and Φ2 = (Φ+2 ,Φ02 ,Φ−2 ,Φ−−2 ) transform-
ing as (1,4,−3) and (1,4,−1), respectively.
As a prototype model let us consider only one SM lepton dou-
blet lL which, together with the newly introduced vectorlike lepton
ﬁve-plet and the two scalar quadruplets, builds the gauge invariant
Yukawa terms
LY = Y1l¯LΣRΦ1 + Y2Σ L(lL)cΦ∗2 +H.c. (1)
The introduced vectorlike lepton ﬁve-plet has a Dirac mass term
Lmass = −MΣΣ LΣR +H.c. (2)
An analysis of the scalar potential, carried out later, shows that
the neutral components of two scalar quadruplets Φ01 and Φ
0
2 de-
velop the induced vevs vΦ1 and vΦ2 , respectively. This means that
Yukawa terms from Eq. (1) lead to the mass terms connecting the
lepton doublet with new vectorlike lepton ﬁve-plet.
If we restrict ourself to the neutral components of these multi-
plets, there are three neutral left-handed ﬁelds νL , Σ0L and (Σ
0
R)
c
which span the mass matrix as follows:
LνΣ0 = −
1
2
(
ν¯L Σ
0
L
(
Σ0R
)c)( 0 m2 m1
m2 0 MΣ
m1 MΣ 0
)⎛
⎝ (νL)c(Σ0L )c
Σ0R
⎞
⎠+H.c.
(3)
Here m1 and m2 result from the ﬁrst and second term of Eq. (1),
respectively, and MΣ is given by Eq. (2). Consequently, m1 and m2
are on the scale of the vev vΦ1 and vev vΦ2 of the neutral compo-
nents of the scalar quadruplets, but MΣ is on the new physics
scale ΛNP larger then the electroweak scale. After diagonalizing
the mass matrix in Eq. (3), the two nearly degenerate heavy Ma-
jorana fermions acquire masses which are given by the new scale
ΛNP ∼ MΣ , and the light neutrino acquires a Majorana mass
mν ∼ m1m2
MΣ
∼ Y1Y2vΦ1 vΦ2
MΣ
, (4)
that depends on the vevs of the scalar quadruplets.
Note one important difference in comparison to the usual type I
and type III seesaw models where heavy lepton seesaw mediators
themselves have Majorana mass terms leading to both light and
heavy Majorana fermions. The heavy lepton states in the present
model have Dirac mass term, but due to Yukawa terms in Eq. (1)
the heavy lepton states mix both with lL and (lL)C , resulting in
Majorana light neutrino. The two heavy Majorana fermions are
nearly degenerated (quasi-Dirac), indicating that they stem from
one Dirac fermion.
The difference between the type I and III seesaw and our see-
saw model can also be understood by considering lepton number
violation (LNV). Although there is a freedom in assigning lepton
numbers to new multiplets, we can assign for illustrative purposesFig. 1. Tree level diagram corresponding to dim 9 operator in Eq. (8). The fermion
line ﬂow displays a Dirac nature of the seesaw mediator.
in all these models (type I, type III and the present one) a non-
zero (L = 1) lepton number to new fermion multiplets and zero
lepton number to all scalar multiplets. In our model the lepton
number is violated by the second Yukawa term in Eq. (1) corre-
sponding to the fermion line ﬂow in Fig. 1. This is in contrast to
type I and III seesaw where the lepton number is violated by Ma-
jorana masses of the seesaw mediators. In adopted assignment of
lepton numbers the coupling Y2 can have naturally small value in
’t Hoft sense [16]. There is also attribution of lepton numbers such
that LNV in type I and III seesaw comes from the Yukawa terms.
However, our vectorlike non-zero hypercharge seesaw messengers
do not allow a lepton number assignment that would bring the
LNV to the mass term.
Concerning the charged fermions, the triply and doubly charged
states do not mix with the SM leptons, while the mixing between
the standard and new singly charged states is given by
LeΣ =
(
e¯L Σ
−
L
(
Σ+R
)c)(me m3 m4
0 MΣ 0
0 0 MΣ
)⎛
⎝ eRΣ−R
(Σ+L )c
⎞
⎠+H.c.
(5)
Here m3 and m4 come from the ﬁrst and the second term in
Eq. (1), and MΣ is given in Eq. (2).
Turning to the scalar potential, we restrict ourselves to the fol-
lowing renormalizable terms relevant for our mechanism:
V (H,Φ1,Φ2) ∼ μ2H H†H + μ2Φ1Φ†1Φ1 + μ2Φ2Φ†2Φ2 + λH
(
H†H
)2
+ {λ1Φ∗1H∗H∗H∗ +H.c.}
+ {λ2Φ∗2HH∗H∗ +H.c.}
+ {λ3Φ∗1Φ2H∗H∗ +H.c.}. (6)
The electroweak symmetry breaking proceeds in the usual way
from the vev v of the Higgs doublet, implying μ2H < 0. On the
other hand, the electroweak ρ parameter dictates the vevs vΦ1
and vΦ2 to be small, implying μ
2
Φ1
,μ2Φ2 > 0. However, due to the
λ1 and λ2 terms in Eq. (6) one obtains the induced vevs for the
isospin 3/2 scalar multiplets,
vΦ1  −λ1
v3
μ2Φ1
, vΦ2  −λ2
v3
μ2Φ2
. (7)
These non-vanishing vevs change the electroweak ρ parameter
to ρ(Φ1)  1 − 6v2Φ1/v2 and ρ(Φ2)  1 + 6v2Φ2/v2, respectively.
If the vevs are taken separately, the experimental value ρ =
1.0000+0.0011−0.0007 [17] leads to the upper bounds vΦ1  1.9 GeV and
vΦ2  2.4 GeV. Thus, the value of a few GeV can be considered as
an upper bound on both vΦ1 and vΦ2 if there is no ﬁne-tuning
between them. By merging Eqs. (4) and (7) we obtain the light
neutrino mass
mν ∼ Y1Y2λ1λ2v
6
MΣμ2Φ1μ
2
Φ2
, (8)
which reﬂects the fact that it is generated from the dimension nine
operator shown in Fig. 1.
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We are able to estimate the high energy scale of our model
from Eq. (8) and the corresponding values for vΦ1 and vΦ2 from
Eq. (7). For simplicity let us take the same value for the mass
parameters, μΦ1  μΦ2  MΣ  ΛNP. The empirical input val-
ues are v = 174 GeV and mν ∼ 0.1 eV. In one extreme we can
assume large values for all couplings Y1 ∼ Y2 ∼ λ1 ∼ λ2 ∼ 1, re-
sulting in ΛNP  23 TeV, vΦ1  5 MeV and vΦ2  4 MeV. On the
other hand, moderate values Y1 ∼ Y2 ∼ λ1 ∼ λ2 ∼ 10−2 result in
ΛNP  580 GeV and vevs vΦ1  80 MeV, vΦ2  60 MeV still con-
siderably below the few GeV bound.
Effective operators of dimension seven and ﬁve generating light
neutrino masses are not present at tree level in our model, but
they are generated by closing (H†H) legs in Fig. 1 at one and two
loop level, respectively. Because of the characteristic loop suppres-
sion factor, these loop generated contributions are smaller than
the tree level contribution if ΛNP < 4π v  2 TeV [18], which is
slightly modiﬁed by the number of ways to close the Higgs loop in
Fig. 1. However, there is additional dimension ﬁve operator gener-
ated at the one loop level by λ3 term in Eq. (6) giving contribution
Y1Y2λ3v2/16π2MΣ . With a reasonable assumption λ1 · λ2  λ3
the ratio of these two contributions is M4Σ/16π
2v4. This ratio is
smaller than one for ΛNP  MΣ <
√
4π v  620 GeV. Obviously,
the later numerical value has to be taken conditionally, and has a
meaning of a bound of a few 100 GeV. This bound restricts us to a
small part of the parameter space of the model. Since this part is
testable at LHC, a non-discovery of the new states under consider-
ation at the LHC would strongly disfavour a tree level generation of
neutrino masses in this model. However, such non-discovery would
not exclude the loop-level mass generation.
Let us now generalize our initial prototype model by includ-
ing all three light neutrinos, but still adding only one vectorlike
Dirac ﬁve-plet. Then the mass matrix in Eq. (3) is enlarged to
the 5 × 5 matrix. In this case one of the light neutrinos will
end up massless at the tree level, but will have a loop gener-
ated mass. In the next step, in order to obtain non-zero masses
at the tree level for all three light neutrinos, we have to intro-
duce at least two vectorlike Dirac ﬁve-plets. Finally, if we want
to match the SM pattern of three generations by introducing
three vectorlike Dirac ﬁve-plets, we will end up with the basis
{νeL, νμL, ντ L,Σ1L, (Σ1R)C ,Σ2L, (Σ2R)C ,Σ3L, (Σ3R)C } and the cor-
responding 9× 9 mass matrix for the neutral lepton states.
If the tree level contributions to light neutrino masses are
dominant, all new states in our model should lie below ∼ TeV.
Such states are expected to be abundantly produced at colliders
through W , Z and γ Drell–Yan fusion processes. The phenomenol-
ogy of isospin 3/2 scalars is beyond the scope of this Letter,
and provided their masses larger then the mass of fermion ﬁve-
plet, μΦ1 ,μΦ2 > MΣ , the isospin 3/2 scalars will not appear in
fermion ﬁve-plet decays. The associated production of the pairs
(Σ+++,Σ++), (Σ++,Σ+), (Σ+,Σ0), (Σ0,Σ−) via a charged
current is a crucial test of the ﬁve-plet nature of new leptons.
Direct pair production of neutral states (Σ0,Σ0) via a neutral cur-
rent, which is not possible for type I and III mediators, is possible
for our states with non-zero weak charges.
A recent study [19] pointed out that vectorlike fermions of
the type considered here are characterized by small mass split-
ting within a multiplet [14], and evade observation planed at the
LHC with current search strategies. However, this unobservabil-
ity is avoided for our states which mix with SM particles due
to lepton number conserving (LNC) and LNV Yukawa terms in
Eq. (1). Distinctive signatures at colliders could come from a triply
charged Σ+++ decays through an off-shell Σ++ , leading typi-
cally to Σ+++ → W+W+l+ decay. On the other hand, doublycharged state decays as Σ++ → W+l+ , and singly charged state
decays as Σ+ → W+ν, Zl+, H0l+ and Σ− → W−ν, Zl−, H0l− . Fi-
nally, a neutral seesaw mediator decays as Σ0 → W±l∓, Zν, H0ν .
There are two types of LNV processes leading to same sign
dileptons and the jets as an appealing signature
qq¯′ → W ∗ → Σ+Σ0 → l+Zl+W− → l+l+ j j,
qq¯ → Z∗ → Σ0Σ0 → l±W∓l±W∓ → l±l± j j. (9)
The process proceeding through the off-shell W boson ends up
with one jet having invariant mass of the W boson and the other
of the Z boson. Similar processes are also possible in type III see-
saw [6]. The process proceeding through the off-shell Z boson
ends up with both jets having the invariant mass of the W boson.
The relative rates of LNV processes with the same sign dileptons
with respect to LNC processes with dileptons of opposite sign is
determined by the relative strengths of LNC and LNV Yukawa cou-
plings Y1 and Y2.
4. Conclusions
In this Letter we propose a novel tree level seesaw mechanism
from higher than dim 5 operator mediated by vectorlike ﬁve-plet
with non-zero hypercharge. In conjunction with the induced vev of
the isospin 3/2 scalars it generates dim 9 operator for light neu-
trino masses shown in Fig. 1. A distinguished feature of the pro-
posed seesaw mechanism is that it leads to Majorana masses for
light neutrinos by employing Dirac seesaw mediators. The gauge
quantum number assignment for the new states causes that the
heavy lepton states mix both with the SM lepton doublet lL and
its charge conjugate (lL)C , producing light Majorana neutrinos. If
the tree level contributions to light neutrino masses are dominant,
all new states in our model should lie below ∼ TeV and the al-
lowed part of the parameter space of the model will be tested at
the LHC.
The model introduced here can be compared to a recent model
by Babu et al. [12] that uses vectorlike triplet seesaw mediators,
which are assumed to be beyond the reach of the LHC. They
achieve the neutrino masses suppressed like mν ∼ v4/M3 from
dim 7 operator, but their main focus is on the phenomenology
of triply charged scalar ﬁeld. We have complementary focus and
new conclusions with respect to them. However, although we have
chosen for deﬁniteness the fermion ﬁve-plet, our conclusions apply
also for non-zero hypercharge triplets in Ref. [12].
To our knowledge, we expose for the ﬁrst time a new type of
tree level seesaw mechanism with appealing novel features. We
hope that the involved predictive and testable vectorlike fermion
ﬁve-plet may establish an exciting link between collider phe-
nomenology and the origin of neutrino masses.
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